Abstract: Many studies have reported that stress affects the immune system. It is known that professional drivers are exposed to various forms of job-related stress. The aim of the present study was to investigate the job stress of taxi drivers based on the mitogen responses and cytokine production of peripheral blood lymphocytes (PBMC), combined with interviews on lifestyles and income. We examined randomly selected male taxi drivers aged 40-59 years who were members of the Kansai District Union of Private Railway, Hire, and Taxi at the end of 1992 and 1993. At the end of 1993, they were struck by a severe economic depression. The lymphocyte proliferative responses to phytohemagglutinin (PHA), concanavalin A (ConA), poke weed mitogen (PWM), and PHA-induced interleukin-2 (IL-2) and IL-4 production of the taxi drivers were at the same level as those of the control subjects as measured in 1992.The mitogen responses and IL-2 production of taxi drivers were found to have significantly decreased in 1993, while their IL-4 production was significantly elevated. Lifestyles of normal PHA respondents were significantly different from those of low-PHA respondents in 1992. However, in 1993, these differences were unclear. The immune alterations of taxi drivers who were prohibited from working overtime were more profound than those of the drivers who were allowed to do so. These results indicate that in addition to driving stress, the daily earnings affect taxi drivers as a strong stress or that induces immunological changes.
Introduction
Professional drivers were exposed to various forms of job-related stress. Recent reports have emphasized that various factors in the work situations of professional drivers are related to the high rates of ischemic disease and mortality'-3>. During driving, the excretion of catecholamines and hydrocorticosteroids is significantly increased4' 5>. In addition, drivers are exposed to various harmful environments, such as whole-body vibration, long-term posture stress, carbon monoxide, and noise6~. The income of taxi drivers has been constantly lower than that of a reference group representing men in Japan'. Daily earnings are a significant concern for taxi drivers, as their salaries are commission-based. If their *To whom correspondence should be addressed.
daily earnings do not reach a certain level, their income decreases drastically8~. Thus, it is possible that this excess job stress causes a cardiac risk among professional drivers. Stress responses, including physiological and behavioral reactions, have been evaluated based on various indices such as hormone levels9-"~, immune function12~14~, and gene expression15~. Immune alteration associated with stress has been evaluated based on lymphocyte proliferative responses16~, natural killer-cell activity", lymphocyte subset& 8~, and immunoglublin level19~. Recently, it has been suggested that stress changes the pattern of cytokine production from Th 1-type to Th2-type2a22>. However, in addition to stress, these immunological indices are affected by various factors, such as lifestyle, exercise, nutrition, and life events. Therefore, investigations of immune-system responses to stress must be conducted with these factors taken into consideration, in addition to standardization of the procedures.
It seems to be useful to evaluate work-related stress based on the functional capacity of the immune system. However, few studies have been conducted. We have previously reported that shift work markedly diminishes lymphocyte proliferative responses, depending on the types of shifts23>. This study examined the level of job stress of middle-aged taxi drivers based on the functional capacity of the immune system in combination with the use of questionnaires on lifestyles at the end of 1992 and 1993. Severe economic depression affected the taxi drivers in the second examination in 1993. The decrease in the number of customers increased the difference in income between taxi drivers and the reference group, from 1,440,000 in 1992 to 1,720,000 yen in 199324>. These circumstances suggested an increase in the work-related stress of taxi drivers. We will show that the immune function of the taxi drivers changed due to the economic depression, and that this function is closely related to their lifestyles and works conditions.
Materials and Methods

Subjects
A random sample of the healthy male taxi drivers of aged 40-59 were selected from the membership of the Kansai District Union of Private Railway, Hire, and Taxi. These were 45 participants in 1992 and 56 in 1993, with five examined in both years. All drivers examined worked 48 h-shifts, i.e., they started their driving work at 6:00 to 8:00 a.m. and stopped at 2:00 a.m. in the next day, with one rest day per week. These drivers were classified into two types, A-type and B-type, based on their working conditions. A-type drivers were allowed to work overtime, i.e., until later than 2:00 a.m., while Btype drivers were prohibited from doing so. These working conditions were determined by each drivers company. The control subjects were 15 randomly selected male researchers, aged 40-59 of the Osaka Prefectural Institute of Public Health, and were composed of the same members both years. They did not experience the economic depression, and their wages were higher in 1993, than in 1992. Informed consent was obtained from all subjects.
PBMC proliferation assay
Venous blood withdrawn at 10:00-12:00 a.m. using syringes was combined with 600 U/ml heparin, and was kept at room temperature until it was assayed. Peripheral blood mononuclear cells (PBMC) were separated by Ficoll- 33 Paque density-gradients centrifugation (Pharmacia, Uppsala), and washed twice in RPMI1640 (Nissui, Tokyo). Triplicated cultures of 1 x 105 PBMC in 0.2 ml of RPMI1640 were stimulated with 10 µg/ml phytoheagglutinin (PHA; Difco, Detroit, MI), 10 ug/ml concanavalin A (ConA; Sigma Chemical Co., St. Louis, Mo), or 4 pg/mI poke weed mitogen (PWM; Sigma) supplemented with 5% fetal calf serum (FCS; Gibco Laboratories, Grand Island, NY), which produces low levels of background proliferation (cpm<1000),100 units/ ml of penicillin (Banyu, Tokyo), 100 µg/ml of streptomycin (Meiji Seika, Tokyo ), and 2 mM of L-glutamin (Nissui). The plates were incubated at 37°C in a humidified atmosphere containing 5% CO2. Each well received 0.5 jtCilwell [3H]-thymidine ([3H]TdR; Amersham, UK) 6 h prior to the termination of the experiment. Cells in individual well were transferred onto glass filtermats using a cell harvester (Flow Laboratories Inc., Dolasletta).
[3H]TdR incorporated into cells was measured using a liquid scintillation counter (Packard, Meriden). The results were expressed as average cpm. Subjects were classified as normal respondents if their level of responses was higher than 30,000 cpm, and as low respondents if it was lower than 30,000 cpm. The culture reagents and conditions were ascertained to be optimal before assay.
Induction and quantitation of Thl -type (IL-2) and Th2-type (IL-4) cytokines For IL-2 and IL-4 production, PBMC were cultured for 72 h by the same procedure as for the PBBC proliferation assay with 10 µg/ml PHA added. The culture supernatants were stored at -80°C until measurements were taken. The IL-2 and IL-4 levels in the supernatants were determined using human IL-2-, and IL-4-specific enzyme-linked immunosorbent assay (ELISA) (R and D System, Minneapolis, Minn). The assay employed the quantitative sandwich enzyme immunoassay technique. ELISA was performed according to the manufacture's specifications. Briefly, 200 µl of culture supernatants were added to flatbottomed microtiter plates coated with murine monoclonal antibody to human IL-2 or IL-4. After the samples were incubated for 2 h and the wells were subsequently washed with wash buffer containing a surfactant, a horseradish peroxidase-linked polyclonal antibody specific for IL-2 or IL-4 was added. Following a second 2-h incubation period, the excess unbound antibody-enzyme was removed by washing, and a substrate solution composed of hydrogen peroxide and chromogen was added. The optimal absorbency density was measured following 20 min of incubation using a microtiter plate reader Multiskan Bichromatic (Labsystems, Helsinki ) at 450 nm, and the amounts of IL-2 and IL-4 were determined based on a standard curve prepared using human recombinant IL-2 or IL-4.
Questionnaires
We designed questionnaires concerning the subjects' life history (length of service) and lifestyles (commuting time, working hours, sleeping hours on working days, sleeping hours on rest days, physical exercise, hobbies, cigarette smoking). Interviews using these questionnaires were conducted on the same day as the blood sampling. Questions regarding income were asked in January, 1994.
Statistical analysis
Means, standard errors of the means (SE), and Student' t -test results were used to analyze the data. P-values smaller than 0.05 were considered significant.
Results
Immunological analysis
The proliferative responses of PBMC from taxi drivers to PHA, ConA, and PWM were at the same level as those of the control subjects in 1992 (Fig. a) . In 1993, all of these responses of the taxi drivers were significantly suppressed as compared with those of the control subjects (Fig. l b) . PHAinduced IL-2 and IL-4 production were the same for the taxi drivers and the control subjects in 1992 (Figs. 2a and b) . In 1993, significantly reduced IL-2 production and significantly elevated IL-4 production were observed in PBMC from taxi drivers as compared to the levels of the control subjects. Five drivers examined in both years showed significantly lower responses to these mitogens and reduced IL-2 production, and IL-4 production in 1993 was found to be elevated, compared to the 1992 levels (data not shown).
Analysis of the relationships between PHA response and lifestyles
An analysis of the relationship between PHA response and life history and lifestyles revealed that the normal respondents to PHA in taxi drivers were significantly older and worked longer than the low respondents in 1992 ( Table 1 ). The normal respondents had significantly longer commuting time, longer working hours, and longer sleeping hours on rest days than the low respondents in 1992. The former had longer physical exercise hours and longer hobby hours, and less cigarette smoking than the latter, though these differences were not significant. However, all these tendencies in the life history and lifestyles of the respondents had were disappeared in 1993, expect that the normal respondents work significantly longer hours than the low respondents. 
Analysis of the relationship between working conditions and lifestyles
As shown in Table 2 , the working hours of A-type taxi drivers were significantly longer than those of B-type taxi drivers in both years, and significantly increased in 1993 compared to 1992. Sleeping hours on working days among A-type taxi drivers were significantly shorter than those of B-type taxi drivers. In contrast, the sleeping hours on rest days (two successive days) for A-type taxi drivers were significantly longer than those of B-type taxi drivers. However, no significant difference in sleeping hours on the working days and rest days of these groups was observed in 1993.
Analysis of the relationship between immune function and working condition
It is possible that the restriction of work time making it difficult to generate sufficient daily earnings acts as a stresser on the taxi drivers. The immune functions of taxi drivers were analyzed according to working conditions. Lymphocyte proliferative responses and IL-2 production of both A-and B-type taxi drivers were significantly decreased in 1993 compared to 1992 (Table 3) . Moreover, the decrease in the proliferative responses to PHA and ConA and IL-2 production of B-type taxi drivers were significantly greater than that of A-type taxi drivers. In 1993, the amount of IL-4 production of PBMC among the B-type taxi drivers was significantly Questionnaire on income In order to examine whether these immune alterations are related to the economic depression, a questionnaire survey on income was conducted in January 1994. Forty-two persons out of 56 taxi drivers (76.4%) responded that their 1993 income had dropped compared to that in 1992. Many drivers reported that they were affected by stress related to the reduction of income due to the economic depression in 1993
(data not shown).
Discussion
Our results demonstrate that the proliferative responses to PHA, ConA, PWM and IL-2 production of PBMC from the taxi drivers were not low compared with those of the control subjects in 1992, when the business environment was not so bad. These responses of taxi drivers had significantly decreased by the end of 1993, when economic situation worsened. In contrast, IL-4 production in 1993 was significantly increased. The evidence of the direct effect of the economic depression on the taxi drivers was confirmed by the interviews on income and lifestyles, i.e., the income of most of the taxi drivers examined decreased and significant changes in the working hours and sleeping hours on work days of the taxi drivers were observed between 1992 and 1993. We concluded that immune alteration of the taxi drivers in the present study is associated with the job stress caused by difficulty in earning sufficient income during the economic depression.
Many studies have reported that stress affects the immune system. This conclusion is based on the evidence that the nervous and immune systems have a mutual effect. Immune alteration associated with stress has been evaluated using various parameters, such as lymphocyte proliferative responses' 6), natural killer-cell activity 17), lymphocyte subsets18~, immunoglublin level19~. Recently, it has been suggested that stress changes the pattern of cytokine production from Thl-type to Th2-type2a-22>. Clinical forms of stress often include several overlapping factors. In attempting to understand the pathogenesis of stress-induced immune changes, the study of isolated factors is important. Recent studies on physical exercise and immunity, a model of stress response, revealed that the stress effect was quite complex, i.e., in addition to the timing of the assessments, the intensity, and duration, chronicity, and sequence of the stress factors reflect the magnitude of the effects on the 37 immune system25~. The pattern of the immune changes varies with the parameters used. In addition, since the majority of studies on stress immunology have been performed on the blood, there is a lack of data on other immunological tissues. Some of these changes have been shown to be compartmentspecific26, 2'). Recent studies on chronic mental stress using animal models in our laboratory indicated that the immune reactivities of skin and gut-associated tissue, but not PBMC, were markedly altered (manuscript in preparation). Stress on taxi drivers includes complex factors, both acute and chronic, and physical and mental. In the present study, contrary to expectations, the immune responses of taxi drivers were not low compared with those of the control subjects in 1992, though the latter were not necessarily high. However, it remains unclear whether job stress accompanying driving affects immunological tissues and not just the blood. It is possible that immunological changes in the taxi drivers in 1993 are attributable to chronic mental stress induced by the difficulty in earning sufficient income during economic depression. Longitudinal observations indicated that the mitogen responses generally showed reduced ranges under chronic mental stress28~. Depressed states are correlated with a decrease in lymphocyte mitogenic responses29 ' 30) Recently, it was discovered that Th 1 and Th2 subsets of lymphocytes that exhibit different patterns of cytokine production regulate many immune responses. Th 1-type cytokines such as IL-2 and interferon (IFN)-yactivate cellmediated immunity, whileTh2-type cytokines, such as IL-4 and IL-10, encourage antibody production, particularly IgE responses, and induce adult diseases31~. Surgical stress suppresses PHA-induced IFN-y production and enhances PHA-induced IL-4 production20>. Glucocorticoid promotes a Th2 cytokine production by CD4+ T cells in vitro2'' 22}. In the present study, increased production of IL-4 from PBMC was observed in taxi drivers in 1993. It is possible that job stress promotes the Th2-type cytokine production and increases the risk of adult disease, though the precise mechanism is not known.
The immune system is affected by lifestyles32' 33) Good health practices are correlated with higher NK cell activity. In the present study, analysis of the relationship between lifestyles and PHA response revealed that the normal PHA respondents have different life histories and lifestyles than the low respondents. The former worked longer hours and slept less on working days than the latter in 1992. The sleeping hours of the formers on rest days were significantly longer than those of the latter. The commuting time, and hobby hours (not significant), of the former were longer than those of the latter. These results indicated that normal respondents have extensive driving experience (elder), lead active life, and coping with stress well. However, in 1993, all these tendencies had disappeared, excepting that normal respondents worked significantly longer hours than low respondents. It is possible that the stress caused by the economic depression was too strong to preserve good immune responses brought on by healthy lifestyles.
Though many psychoimmunological studies on stress have been conducted, there have been few studies on the effect of job-related stress on the immune system. Theorell et al. reported that high work stress increases serum IgG levels, while social support contributes to its reduction19~. Depression of NK activity was observed in worker burnout34~ Unemployment causes a depression of lymphocyte reactivity to PHA and purified protein derivative28~. ConA response of permanent night workers was depressed compared with that of day workers23~. This is the first report on a study of the immune function of professional drivers. The lymphocyte proliferative responses and IL-2 production of taxi drivers were not low compared with those of control subjects in 1992, when the business climate was not so bad. However, the immune systems of taxi drivers are threatened by mental stressors related to income. This was confirmed by the analysis of the working conditions of drivers. The immune responses of B-type drivers in 1993 were suppressed more profoundly than those of A-type drivers. It is possible that working conditions prohibiting overtime work and there by limiting daily earnings acted as a strong stressor. In fact, many B-type drivers demanded overtime overtime work (data not shown).
These results suggest that fundamental improvement of working conditions is required before overtime work is limited. Thus, the evaluation of immunological assessment under stress requires understanding and identification of variables, such as working conditions, lifestyles, and health condition. In other words, immune assessment can be used as a useful tool in evaluation of the improvement of working conditions.
